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(54) Bra®***] aftftawttniit 



(57) [B*b] («FiE#) 3 — X 
»j*U ***** *MMt**, 2 

flit LTflJffl-rs,, 

f-7r^T^ B B B StS*Sfe#L. MOC 

VDftCi (5 h - a NTOlMfJt, ccoSffirfi 1 

0 0 Ot^Jb#U, /<?77-IlKh-G a N 
JUS: 3 5 u m&-g:£&tc 0 Jbl::©h- 

G a NWtiMLhte^y^ifcteJ: *>9-*fy hK?y 



(2) 

1 

-[flMnFR*ofiRe] 

¥I£A£& (l) ±K<$®mkLXtt 
Siik^yj'A (h-GaN) , *flS7Vi'5=£A (A1N) , 
»b-f I'S*** (InN) , tt&mt&* (h-SiC) & 
•fbffilS (ZnO) „ feSVM±mbWfc^W2fi^±0? 
ttKa»fc*5H*fr©lWSA« (2) mi IE 

$&AlK±£gfcft*]iiigAIJE (3) dJ^Sirfc«3t 
«:» t>, l!ft££ft.$X)&l£ANtt' /3 -Si 3 N,M* fete a -S 
i,N,S!©*SA«i6**r U CjttSiZit^X'TjkZixZ r 
fc&4#»£1-3£fcR*¥«rft«. 10 
[»#* 2 J 4>M«Q]M;toffia*]tM$A£«<0£&ai 

iifcvu(oooi)ffiaisp^*5 j: 5 tjgritsn, itHEm 
^AHUro (oooi) si-fc^ L-g-fb^S? **£Afl3S£> (oooi) m 

[»#S3] ^ B B B St5 (4) ±ir^P^JltbT^ 
&3Ut#V9J* (c-GaN) , A^rA^^Sf (c-SiC) , 

a-fbf *=£a (tin) , mk-ryz-isVJ* (M g o) fcs 

weAix (5) Awmzir. *mimam±\z&t&* 20 
miSAffi (e) a>w&zfotz.mm*ft-h, mmmtmm 
m-mamt>* 0 -si^as a -si,N,aG>*£A»i6S:*r 

I»#*4 ] cfnJlom^Aflt^^AXlKOStES 
lwfcv>U(in)ffi*siptf(r^sJ:5^J*S^ stfism 
ABS© (111) Bt^ifcV^ L^-fLK^^-Jn AB^W (0001) i£ 

[»**5] VM*ASK£ L-C, D-7Ts(T (o-Al, 30 
0 S ) , A^A^^SSS (h-SiC) , SHbffilS (ZnO) <D& 
W1£&<0 (0001)85, feSV^Uay (Si) , ^-r-v^E- 
f K, S^t^^f^A (MgO) C5#^iftA<Z)(lll)ffi© 

3 {rfS«<o^fb^igmi^ABIc 

[ft*j*6] A^A^fta* (h-sic) , mtmm (z 

nO) rc»#^MA^(0001)ffi, cfcSVMig&fb^^i/^A 
(MgO) ¥&Ae>(lll)iSfr¥&A£tii (7) tLTfi 

u nan.m^mm±^itmmm^m (8) 

S»^*f U(0001)®^5pfr|-^$^-r*3!9, fitifS^t;^ 40 
[$g9§©i#*0fttftil] 

[OOOI] 

[0 0 0 2] 50 
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<b UT^t^V K^fcakax-O^riS, 1989^Cohen<b 

T-fc5 r t mnmmm^ ± <o ^« Lfc. 0 -c,N.f*s P 3 

^■•T 5 £W»T-fe5 0 BUSK: a -SiJ^SIOfeAfllaiSr* 
t5a -CN, t> #4 -t * > K X. 5 miSi&mVo'KX' h 
5ri a«^aSJx*. Cohen "bid J: SSt»»^ffl£il*, 
J£ AK^^b^S-T^et? h 0 -CN 4 *>5 a -CN 4 W5$ 

i'liT*/^ r *WX3b 5 «A fcftfcflyi* 
Si//if«v\ *SAK©£te&**«&'§7*-i-3#ifci: 
LTIi, #lxlSUS005110679A,;i:fcl^T;*^^i$-£/?3^ 

^T-^777-T h*—- 7*s> h 1) y/tStO 
T% Si(100)*JgAS«±fc fl-dM,-©WfllSrGe(lll)* 

ISA£^K±(ia-c s ^' < (0 < ^M&^b-cv^^,o 

[0 0 0 3] W095/02709tc:*3V^Tf4l^— if— 

± 1:^7 7 7.^ yO}U— if— 7^W; ^3 

A^J: ONW^Sr^l&i-S^ife-C, Si(100)*teA 
«4E*s J:V^»ANia«±,c /3 -(iH.rojiBtSr^j* Lt 
l^5o Dong.Libf*^.v<s/^}feSrfflv\ SiSK± 

*3 J: TJ%^^— ^_hlc /3 -CN, t TiNC?S5®flHS:^ Lt 

(Appl. Phys. Lett. , 67(2), 203(1995)) 0 rttttTiN 
tCN.Wjg^EIHSr^S^eL^i'b^T-fc*?, TiN(lll) 

vscomf-m^imm<o2mt /j-ciuoood uS<©^ib?ij 

[0 0 0 4] 

[$&gH#fi?&:L.«k 5 .bi-SSSS] a-C 5 N,cfc5VMS a-C 
N.«r*©jlBi«««*#Uffl LTI* J WB»»Ai: Lt^ffl 

t Ursp]ffli-5»-fr % *S5©tttBSr»#-t*JJ:tt«fAtt 
i5fijfffc5rt, T'^ttl^A^w^fiEL^v^^ 

Jilc^ttAttSr^fiK^IliS* ^ t t *5. L/.e 

asib. B 1^f5Lfe^$5l5S«i'*3V^T^#^>a^5^■^b^^flSi4 
•r^T^AJKT'fc!?, mfeA««r»*fc*©*»t-o 

[0 0 0 5] 

a -CN.ro (oooi) ffi i tt-f »*tt©A»3ie A*A^^b?i 
« (h-sic) SS'fblEfS (ZnO) m^Aro(oooi) 

i, mt-rfz-^vj* (Mgo) m«A<o(iii)'iffi*a£ffit 



(3) 



¥fffl¥-9 - 2 2 7 2 9 8 



a-QJ*,*ft»£tt©ft#**#fi£flS#!J tJ* (h-G 
aN) „ ^.{tT/^S. =9 A (A IN) , aM^!)^ (In 
N) , ^^ b b b^^«^ (h-SiC) , mitmSi (ZnO) s *> 

1*, Sr* B B B ^|b^y 17 A (c-GaN) , St**Kjk«* (c 
-SiC) , Sffc^^J* (TiN) , Sgjt^^^^A (M 

go) fc^)V^lir^^b<7?^* l <7)2ast'.±©%K^^^2> 

[0 0 0 6] -iS:lc:^ B B B BI^^g$^:5^iir LT, 
& $ •& 4 tt* * f * * i/ * is ± < m v 53 tt T 

fflL^w±iim B 3 B fli^^S$*?>^n3it^^^^ 
# v ^ tz fc^-r- p 3i tf * -t A-fSfi \z±K)W&&m* 

TUSte-ovo-rtftW, SUftSrMiafcte*, etTfc*-*-^ 

10 0 0 7) 1) h— GaN N A1N\ InN, h-SiC, ZnO, *3<fc 
2) c-GaN, c-SiC, TiN, MgOfo&b^t^fobCDttfrV) 2 * 



LTte, (a) StRfcBSwWBofcfcvvrS 
*3J;r>" (b) SSrojs^-iayiJjaJWiJKwiBl^EyiJJBIW© 

ri««iii45. i) i^mLtztmitmtmm (/s-c 

,N„ o-CN 4 ) t|Wl#<ii^ B B B ^^ B B B «5i^^L, 
© (0001) Bate /3 -CN„ a -CN 4 W (0001) H £ IS] C 3 Hlfcf 
10 ^Jg^ia^J&W LTl^5 0 2) id* LfcWlASz:* B B B 
m©^ B B B «3t^WL, ZZ> (111) Dili /3-QN„ a-QN, 
©(OOODEil^CSInJ^CDJl^ia^'J^^LTVNSo O 
£9, 1) , 2) ©W^li-r^THtrlSL^^PJiffiSt 
(a) triKfcLTVNS. 
[0 0 0 8] 1 ) COtfPt<D (0001)ffiOJ^^-ie?iJ^Jfflo? 2 
t 0 -CjN,, a -CjN,<£> (0001) ffiWH^-gEJlJJHBIl t 

EOJl-T-gH^J^WO 2 i 0 -QNj, a -CjN,(73 (0001) ffi 

20 i % 2 a> blS <k 5>Ji, 1) , 2) ©fcrtsfttvvfjh, 
fc JK^-IS^JJUSHcD 2 £ 0 -C.N., a -CN.W (0001) ffi t 
<7)fe^5^-7->-^^/h$<mJlELfc (b) ©*#«rStfc 

[0 0 0 9] 
[^1] 



[0010] 





/J-C 3 N 4 <0001) 


a-C 3 N 4 (0001) 


h-GaN(OOOI) 


0.97% 


3.8% 


A!N(0001) 


3.5% 


6.4% 


lnN(0001) 


-9.2% 


-6.6% 


h-SlC(0001) 


4.5% 


7.4% 


ZnO(0001) 


-0.92% 


1.8% 


[*2] 




0-C 3 N 4 (OOO1) 


a-C 3 N 4 (0001) 


c-GaN(111) 


0.97% 


3.8% 


c-S!C(111) 


4.5% 


7.4% 


TiN(111) 


7.7% 


10.7% 


MgO(111) 


8.1% 


11.1% 



[0 0 1 1] Ifc^oT, 1) (Z)tW^^B B B^(0001) 
®_Ltej3-C,N^ a-CN 4 S:j*S$^mS(0001)a5ir5 u 
2* Wrte& £ J: 0 tea ar v-^/U^ft L¥tt*Bt^4§ 
bh5o 2) o#M<^¥^^(ni)®±te /3 -C3 

* S J: 5 te^ * S/* yH** lliS B B «bix^o 

1) te$*na/<**«<t«* (h-siO tea, 2h-si 

C N 4H-SiC, 6H-SiCc^^y ^#^E"f** 5 , (0001) 50 



te^ffl -t 5 c ir -e # 5 o 

[0 0 12] 1) (7)^^TtInNth-GaN(7)(l^$Tfo5 

*5 £ t/lnN t Si C©H*#"C fo 5 (InN) „ (SiC) 
*«a**»tti"5 r te <t 9 ttfbRIf t 5 y 

9-trOtei-ar i3»"C#, tt*tt<oA»*it*»bix« 
fcfeWtea* UV\ 31llfcWteIii,Ga (1 . B ,N"Cttx=0.O87te 



(4) 

5 

T £ -CN 4 ir <D&* ^^s/^tfSO^fttK x=0. 340 I^T 

fiROIn.Ga (l „N -hfca^* Sr^ft StS^ftta 
* LV\6S> j3-C3N 4 *fiKfi$-fr-5»^tttx=0. 001-0. 2 

[0 0 13) IBJ«|C % In„Al (1 -oNTI*x=0. 251Tj5-CiN 
4 i(7), x=0. 459Ta-C 3 N 4 ir(7)^&^^^-v^^^o^/^5 

/S-CN^fiJcS^^rS^J-I^O. 13-0.37, a-CsNiS: 
Efcg£i*£S£i-l3:x=0. 34-0. 57©«Effl^t^S:ffiffl-f 

£>£ e (InN).(SiOu^i"CI4x=0.300"C/3-CiN. 
x=0. 494"Ca-C 3 N 4 ir<^fe : P^ jy^aSOKfcS 

0^t£j**£ii:S»*tettx^). 19-0.41, a-C,N,& 
««St5i^i:ttx=0. 38-0. 60^fSlS(^t(D^SfflT 

20 

*5^Tl3l) , 2) ^7^L/t^«O^^^(^¥^ B B 0 ^£ 

ott>a*U^ *«iil*K-tfc l ) , 2) fc:*Lfc 

^¥*£ B B B fl^Sr^«^^:TtSv\ 1) , 2) Rtf> 5 30 
^>h-SiC N ZnO, Mg04^ttlfc«W*a^</U^O*JS* 

ttlnm&±lMin£ilT* s iBa*tSH'C*>ao £*t£U:W^ 

[0 0 15] *JS«S«±li:i) , 2) ofeM^¥^ B B B 
IKfrj«*<Sia:5»£\ W^mmtLXl^ WLOHf-y 40. 
7^7, h-SiC, Zn0^(0001)®. c-SiC, 
Y\ Si, BN\ MgOO(lll)tB*if*fflV^4ri:*stU*5o 
^ttb^*»AS«±lc:i) , 2) <omiL<om&ML* 

Ltli, »cvDife, X^X 

IN, InNfe5V^i^-i^b^@j$^^^ B B 3 l}I^^S$ii: 
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[0016] 1) , 2) ^%Sro**Sft£4E±, 
tt*tt**«±fc^lWJBi: UJFMLfel) , 2) £7>fe 

^fig^jfeir f&CVDjfc* X^X^CVDft, U— Jf- 

cvd&, *A*y*ifc, -frf-^tr— *ifc, 

r&g tt* j**isfe i:±org45^ 600°c^ 2000°c x* 

[0017] 

X-rCVD3£B£\ 0 6liU— if— CVD3£B&^LT^5 0 
l»CVDas«-CH:«»!:J: OJKW^fc^u St£±l-Sl 

rXT^xymifrtfx&ftffilrZo mste&ffllgi (rf) 

X^X^CVD^E^^UTV^5^ N DCX^X^CVD^E, 
ECRX^X^CVD^B, (i j£X7X^CVD3£g*t*4>X7 
X^CVD^g^^ffl-r^r 6. *f~C 

VD3£««r^LT^5 0 tfCVDSSa-CttV— If— 

[0 0 18] 0 7teRF;*^s/*Ktt&*LTl^5o 

[0019] @9 (^^-y/i 7^^ y^t^/TLT 

[0 0 2 0] 110 l4RiEfi;ttlK#ifete^V^5jl2g3R»Sg 
[0 0 2 1 ] Ell 1 {^MBE^g?r7^:LTV^5o CSK^SJSt 

[0 0 2 2] 01 If— TXl^- v-3 V^S^tt: 



(5) 

7 

[0 0 2 3] ^CVDft, ^X^CVDffi, U— Jf— CVDffi 

~C#5 0 ^5X^CVDT-tt, RF^X-^ /zftT^X 

-7, ECR^^X^^if^^^X^Sr^i-Sr i:*s-e# 10 

-r^y^s KJStt*£*S£u MBE&, if— 

<#*&**ttfe**i6fc6, ttiKflUE, 

#tt^r^i- 0 20 
[0 0 2 4] *fc, *^PjTI^Sffi±^^ B B B tti-®n/c 

»ai*»-f««)*»#i:bT«« 

i~5rir^x-#So rc^ir^Be, B, Mg, A1 N Ca, Zn, G 

Se * if £ K- fc° V £ £ t l£ J: v> nSHS8H4 * fc* 

^-^Ai- ctoTfTP r ^r^-C# So 30 
[0 0 2 5] 

(Hlfcftl i ) *5fc£ B B B Sl£ ^bri^r^r (ooo l) b * 

ttJBL^BJii LTh-GaN^ B B 0 Ii^r^fi^^:> *CD± 

i*#U M0CVD& (^#&M&^fcCVDjfc) ^«t!9h-Ga 
N*»ARSrfiRfta?*fc 0 *fift*tt, 1) Tirh^^ 
<fc5i@*Sifc*§K 2) 3) 10%tfrffc7k*7k 

femzxzmft, 3) #B7ky fw&mviro-fc.. 

V TJfXk LTH 2 Srl01/rain(DggS:T, ESJ: LTNH 3 > 40 
TMG ( h y * ^vW#y 01/miru 30 jj m 

ol/rain<0«aTRJfc*rtfci*AU StRffltfSOO^KiTh 
-GaNOjKJft^ <y 7 7 ~il£25nnij#fi £-£fc 0 A# 
^IStO^ST, SW B L*SrlO00°C^±#U, ^y77 
- JB ± teh-GaNK £ 30# Bfl "CO. 5 /i m/$S $ * fc 0 J^g £ 
*fc*W4X|»ia»rte J: 5 VFfi Lfc £ r *5h-GaNT*fc 5 r 
RHEEDCLJ; 9S4Sffil-^ft(0001)®/^lptT^^t o ^ 

* >>n*« Lfc*e*KTfcs r 1 awn £ J-tfco 

[0 0 2 6] ^^irrCDh-GaN^i^^lr^^^/^jfe 
^«t9&ft«*RSrj****fc. IS] 7 K^LfcRF-v^ 50 
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N,^ffi2. 5mTon\ RF^T7 — 500tt\ StRfflfilSOOt, gffi 
fc 0 El*, *y— K390*(^^?r^&SL/Co 

RHEEDtdJ: 5h-GaN(0001)S^» L/3-C s N 4 (000 

i) BasspfTtric* L^c¥^ B B B BiTfo5 r t tmrnzn 

5£ LfcifML ^ -^J!^fi6800kg/mui 2 ^fc 9 

-f-^V KO5000— 7000kg/mm 8 ^«ffEi»i-5B6^Sr*r 

[oo2 7] mmm2) mtHAmmt ttt77^ 

TCOOODBSr^ffib^F^Si: LTIn a Ga ( w>N (x=0. 1 

o) mm&m&tfL&z^ ^<D±\zmtmmmzm&L 

fc 0 t77^7*jg*SSS:X»«l 4rW*l£»tR»* 
L, MOCVDSKi 9In,Ga (1 ^N*JiS*BtSrJ**S-&fco 
£T Hi£^!l 1 t LTh-GaNOffi?fi-/^ ?77 — ^^2 

5nm^S^^fCo &{-*^ y 7 t LTN 2 ^^ SrlOl/m 
in<^8ft*"C % »^LTNH 3 s TMI (MJ^f/W^!) 
.20 , TMGSr-t^-?fix4. 01/min. 35 ju mol/min % 1.0/zmol 
/minOiiffft"CSJj?^rt^*AL, S4S?fi*800 c C^T60 
#n T^0. 25 /i m^ScS $ *fc 0 * -fr fe»«riX«|s31ff I- 

J: 9 iftfc t r iln.Gaij.riN'CfcS r t , RHEED^ <t 
9 StkBt-2* L (0001) ffi^ssp^j^ai ^ri/^/^S L 

x=0. 10*63ft**:*ri-Sr t*s»Bi$nfc 0 
$ b^rcOIn x Ga (1 -oN¥^ B B B JK±^IIKfiWl tBili 

RHEED^J: 9In Jt Ga o ..)N(0001)B^*fb/3-C 

3 N, (oooi) B# Wfcrt* L^#^ B B 0 fllT^S r ir ^tt 

[0 0 2 8] (^ffi^(|3) ^SiiUT^t^ 
V KdlDBSrfiEfflLf Mlt LTIn.Ga^N (x=0. 3 
6) ^ B B B IISr^S^^: N *©±te*{b««««:»«L 

» L, M0CVDSK J: 9 In,Ga (1 .,,N^ B B B Il^^c5 Sit: 

£l*£0ii 1 fcWI«l2:UTh-GaNOiB:a^sy7 7- 

101/min^>i5ftST% WMt LTNUv TMI ( h V * W 
^v^^i.,) s TMG S:-?: H-?: 01/min, 130/i mol/min, 
1. 0// mol/min(^aEfl["CS/£^rt t-»A L> Stgjfift800 

HEEDfc J: 9 StRffi^S* L (0001) B^^t|-^l + 
/u-ril* Lfc*»i6K-CS>S r t SIMSte J: S 

fiA^WttUd' b s x=0. 36* S»« SrW-f 5 r t £SfM8 
Sftt $ blcr©Iii 4 Ga«.„N*»S*R±^^^$/^ 



(6) 

9 

£i2oo°ct Ltcmmmtm 1 tBttfca e 1 "*ibj* 

tlfMJ: 9 SPffi Ifctr^a -C,N 4 Tfe 5 r t ^ RHEEDid 
«fc 9 In,Ga ( ,^N (0001) ffiidfct L a -QN\ (0001) ffi^^ip 

;*~:77!£it 126400k 
>*(^5000~7000kg/nini 2 l^iaiSEifti-5fflft*#i-5 - 

[0 0 2 9] (»ft«4) m^B B B »^i: LTSi(lll) 10 
BBSr«fflL*n»i: LTIn^lo^N (x=0. 24) *SS 0 B 0 
R«:J*KS-fc\ *<Z>±l£*ffc#*R*»J*Lfco Si**£ 

2) 3) i.5%7$/ft7ki*«i: 

*««KbRi»*i*h 3) «*y^o*j|irfifofc 0 

£TH*£#!J 1 £ LTh-GaNOi&ft-* &*2 

SnmfiJcfiS^rfco »fc*ir VTtf^t LTN 2 ;tf* fclOl/ra 
inOa£ft"C, JDKWfcLTNft, TMI (MJ^WV^!) 
A) , TMA (MJ^f;W^!)A) Sr-tJvPtU.Ol/ 20 
mim 80/zmol/min > 2. 0 mol/min(DyM&XIx forfait. ^ 
AU SW B L^800°C^T120^^T'0. 5^m^cS$^fc 0 
Jifcft £*fc*Rl*Xi»[Hl*rfc: J: 9 If m Lfc t - 5In>Al 
,H)NTfeSrt, RHEEDidJ: 9 XtRHte*T L (0001)SB 

awsix, simsici j: 5>*a^e$>«f*s*d* x=o.24fc5*a 
«fc 9 SFfiffi I^ir5i3 -QNi-efes r £ riv rheed(- £ 9 30 

Iraio-^N (0001) ® id*} L jS -CaN 4 (0001) pBd s ¥fTld 

[0 0 3 0] (»5) W^^mmt LT6H-SiC(0 
O0l)ESM£/BL I f J ft'JBfc LTIn,Al (1 - x ,N (x=0. 48) M 

*<0±fc*ft«*««:»*Lfc 0 6H 
-SiC^ B B H S^^^W4 t«iaTS«#L, MO 
CVDfttdJ: 9 In x Al (1 -.)N^ B B B lIl^^cS$^fc 0 41*31 
Ifcffil 1 £ P«ld LTh-GaNOiSM^ yVy — ^ ^r25nm^5c 
5£^fc 0 ^icdr-t y T^^i: LTN 2 #;*£rl01/jnin<£> 
SSE4T\ WMh UTNH 3 , TMI ( h V * 40 
A) , TMA ( hp t^-jVTfr^-VJ*) t-ttb-t'iW. 01/ 
mir^ 160 ^ mol/miru 2. 0 /i mol/minc7)iiSft"C KJ^JiEf*] Id 
>g A L , m&tiLXBDQX; Id X 240# M X 1 . 0 u mf&M £ * 

Al ,H,Nt*5r £ % RHEEDld J: 9 Slfiffild** L (0001) 
M^tt5rJ:«SSW:c $ blddcoin.Alo-,, 
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Id J: 9 ffflffi Lfc t r 5 a -CJVC*>6 - t *K RHEEDid «fc 
9 In x Al () -,>N (0001) ffiid^f La -Q»N, (0001) ffi^spfl 

fdj&B Lfc¥*MfcR-?ft>« r £ tfttBSitfco 

[0 0 3 1 ] (IMlfflle) ¥^B B B Sffit LT6H-SiC(0 
00\)ffi*&mL<Pfflmt LT(InN),(SiC) (1 -,> (x=0.3 

fc. 6H-sicm^ B B B S«^^^J4 ii?i«iarsfift* 

lx MOCVDifefc i 9 (InN) k (SiC) ( ^,*^ e B B )l^^ft$ 
■tffco ^rt !J TJfX t LTN 2 ;tf ^£l01/min<£>#ftfi~C N 
IS3F4t LTNH 3 > TMI ( h y * , SiH 

< (i/^>) \ QHfi (^n/N 0 ^) SrJtH-fix4. 01/rain, 2 
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